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Validation of a Cantonese version of the Oxford Cognitive Screen  
(HK-OCS) for Stroke Survivors in Hong Kong 
Abstract 
The current study reports on the validation of the Cantonese version of the Oxford 
Cognitive Screen (HK-OCS). Seventy native Cantonese-speaking neurologically healthy 
individuals were recruited to establish the normative data. Forty six native Cantonese-
speaking stroke survivors were assessed on the Cantonese version of the HK-OCS, the 
Cantonese version of the Western Aphasia Battery, the Cantonese version of Mini-Mental 
State Examination, the Hong Kong Montreal Cognitive Assessment, the short test of gestural 
production, the Albert’s Test of Visual Neglect, the Chinese version of the Modified Barthel 
Index, and the Hong Kong Chinese version of Lawton Instrumental Activities of Daily 
Living scale. Validity of the HK-OCS was appraised by the difference between the two 
groups and relationship of these tasks. Paired-sample t-tests showed that neurologically 
healthy individuals performed significantly better than stroke survivors on the HK-OCS. 
Positive and significant correlations across related cognitive subtests in other tests were 
found, suggesting good concurrent validity. Excellent intra-rater and inter-rater reliabilities, 
fair test-retest reliability, and acceptable internal consistency indicated that the HK-OCS had 
good reliability. Regarding the predictive values of the HK-OCS, semantics, episodic 
memory, number writing and orientation best predicted survivors’ functional outcomes. The 
present study suggested that the HK-OCS is a valid, reliable and comprehensive cognitive 
screening tool for assessing cognitive impairments in Cantonese-speaking stroke survivors in 
Hong Kong.  
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Introduction 
Stroke occurs in 15 million people worldwide annually and it leads to long-term 
disability (Pinter & Brainin, 2012). Cognitive impairment occurs in around 50% of stroke 
survivors in the early phase after stroke (Pinter & Brainin, 2012) and remains prevalent for 
up to three years after the onset of first stroke in 32% of the survivors (Patel, Coshall, Rudd 
& Wolfe, 2003). Common cognitive impairments that may be caused by stroke include 
aphasia, praxis, memory impairment, attention problems, executive dysfunctions, 
reading/writing problems as well as visuoperceptual and visuospatial difficulties (Lincoln, 
2011). These cognitive consequences can adversely affect the recovery of stroke and are 
critical predictors of poor functional outcomes of their daily life (Zinn et al., 2004). Moreover, 
stroke-induced cognitive disabilities can reduce a person’s independence in performing basic 
activities of daily living (ADL) as well as instrumental ADL (Zinn et al., 2004). Thus, 
standardized screening tools are important for identifying of and measuring the degree of 
cognitive impairments, predicting one’s functional outcome, as well as assisting better 
planning of rehabilitation programmes to prevent further deterioration of stroke survivors. 
In Hong Kong, the Cantonese version of the Western Aphasia Battery (CAB; Yiu, 
1992), the Hong Kong Montreal Cognitive Assessment (HK-MoCA; Wong et al., 2009), and 
the Cantonese version of Mini-Mental State Examination (C-MMSE; Chiu, Lee, Chung & 
Kwong, 1994) are some widely used validated assessments that evaluate cognitive 
impairments in Cantonese-speaking stroke survivors.  
Cantonese version of the Western Aphasia Battery (CAB) 
The CAB is a standardized diagnostic test for Cantonese-speaking patients with 
aphasia (Yiu, 1992). According to Yiu (1992), the CAB was adapted from the Boston 
Diagnostic Aphasia Examination (BDAE; Goodglass & Kaplan, 1983) and the Western 
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Aphasia Battery (WAB; Kertesz, 1982). It includes four core subtests assessing 1) 
spontaneous speech production (information and fluency), 2) auditory comprehension, 3) 
repetition, and 4) naming. There are also optional tests measuring reading, writing, drawing, 
visual attention, and praxis. Types of aphasia are determined by comparing the subtest scores 
in speech fluency, auditory comprehension, naming, and repetition to the diagnostic criteria. 
Overall aphasia severity can be measured by calculating the aphasia quotient (AQ). The 
maximum AQ is 100 and the cut-off score is 96.40. This test was standardized on 54 left 
hemisphere damaged patients with aphasia and 24 neurologically healthy controls and was 
shown to have good validity in classifying Cantonese-speaking patients with aphasia into 
different categories  by using one-way analysis of variance (F = 18.47, df = 7 , p < .001). It 
also demonstrated good to excellent test-retest reliability (r = .951 - .996), intra-rater 
reliability (r = .827 - .998), and inter-rater reliability (r = .877 - .999).  
Cantonese version of Mini-Mental State Examination (C-MMSE) 
The C-MMSE is a Cantonese translation of the original MMSE, which was developed 
by Folstein, Folstein and McHugh in 1975. It is a 10-minute screening tool originally 
developed to detect cognitive impairments associated with Alzheimer’s disease. It comprises 
of 11 items assessing orientation, language, calculation, attention, and memory. The 
maximum score is 30 and the cut-off score is adjusted for patients with different educational 
levels (Chiu el al., 1994). For patients with no education and primary school level, the cut-off 
scores are 18 and 21 respectively. For patients with secondary school level or tertiary 
education level, the cut-off score is 25. The C-MMSE was standardized on 79 Cantonese-
speaking patients with moderate to severe dementia and 111 normal elderly individuals (Chiu 
el al., 1994). It demonstrated good internal consistency (Cronbach’s alpha = .86), excellent 
inter-rater reliability (ICC = .99), and fair test-retest reliability (r = .78) for assessing 
cognitive impairments.  
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Hong Kong Montreal Cognitive Assessment (HK-MoCA) 
The HK-MoCA, a 10-minute cognitive screening tool, was developed for the 
detection of mild cognitive impairment (Nasreddine et al., 2005). It comprises of eight 
sections and assesses cognitive domains including orientation, naming, visuospatial, attention, 
verbal memory, delayed verbal memory, abstraction, and executive functions. It was 
translated from the English MoCA by a neurologist and a psychologist (Wong et al., 2009). 
Unlike the MMSE, it assesses executive functioning and contains more complex visual 
construction tasks. The maximum score is 30 and the cut-off score for English version is 26 
and that for the HK-MoCA is adjusted to 22. For patients with six or fewer years of education, 
the cut-off score for the HK-MoCA is adjusted to 21. It was standardized on 40 participants 
with cerebral small vessel diseases and 40 matched controls, and it was reported to have good 
concurrent validity as indicated by significant correlations with other formal 
neuropsychological measures (Wong et al., 2009). It also demonstrated good inter-rater 
reliability (ICC = .87, p < .001), excellent test-retest reliability (ICC = .96, p < .001), and 
acceptable internal consistency (Cronbach’s alpha = .72).  
Limitations of the CAB, the C-MMSE and the HK-MoCA 
The CAB was specifically designed for assessing language impairments and does not 
address other cognitive impairments.  
Research studies revealed that the MMSE was insensitive to abstract reasoning, 
executive functioning, working memory, visual perception, and mild cognitive deficits (Nys 
et al., 2005; Malloy et al., 1997). In addition, it was originally developed to detect cognitive 
impairments associated with Alzheimer’s disease, common post-stroke cognitive 
impairments including aphasia, visual loss, neglect, praxis, and writing problems are not 
assessed. Similar to the C-MMSE, the HK-MoCA does not provide measures of reading, 
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writing, neglect, and praxis, which are also important cognitive domains found to be impaired 
in stroke survivors (Lincoln, 2011).  More critically, most of the tasks in the C-MMSE and 
the HK-MoCA require verbal responses and relatively intact auditory comprehension skills 
from participants. Presence of aphasia can, therefore, lead to underestimation of the cognitive 
abilities in stroke survivors. 
Birmingham Cognitive Screen (BCoS) 
In order to provide a more comprehensive picture of cognitive functioning after stroke, 
a better cognitive assessment is therefore needed. The Birmingham Cognitive Screen (BCoS; 
Humphreys, Bickerton, Samson & Riddoch, 2012) was recently developed for this purpose. It 
comprises of 23 subtests and examines five major cognitive domains including 1) language, 2) 
memory, 3) number, 4) praxis, and 5) attention and executive functioning. A full scale 
administration of the BCoS typically takes about 45 to 75 minutes. Unlike the C-MMSE and 
the HK-MoCA, the BCoS also covers the cognitive domains of reading, writing, praxis, and 
spatial neglect. It is also specifically designed to be neglect and aphasia friendly because 
presence of aphasia and neglect is known to create assessment barriers. Up to 30% of stroke 
survivors are not able to provide verbal responses reliably due to aphasia (Engelter et al., 
2006) and almost 80% of survivors are unable to attend to a wide range of visual stimuli 
sufficiently due to the presence of visual neglect (Bowen, Mckenna & Tallis, 1999). BCoS 
was designed to cater for these barriers so as to obtain the most optimal responses of the 
participants. Specifically, in order to be aphasia friendly, verbal and written instructions are 
presented simultaneously to avoid problems arise from poor auditory comprehension. 
Practice trials and demonstration are also included in some tasks to facilitate understanding of 
task instructions. To facilitate responses for those participants with poor verbal output, 
multiple choice answers are presented and participants can point to the answers without 
verbal output. To be neglect friendly, instructions are given to assist participants to attend to 
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stimuli during the assessment. Stimuli are also laid out using vertical rather than horizontal 
arrangements.  
Recently, the BCoS was translated into a Cantonese version (HK-BCoS; Chan et al., 
2013) for administration to a Cantonese-speaking population. Most items in the HK-BCoS 
were directly adopted from the English version of BCoS, with some linguistic and cultural 
modifications. It was standardized on 22 stroke survivors and 16 neurologically healthy 
individuals matched in gender, age, and education level. The HK-BCoS was found to 
differentiate stroke survivors from neurologically healthy individuals. It demonstrated good 
concurrent validity with positive and significant correlations between most subtests in the 
HK-BCoS and related subtests in the CAB, the HK-MoCA, and the C-MMSE. It also 
demonstrated excellent intra-rater reliability (r = .997), excellent inter-rater reliability (r 
= .963), good test-retest reliability (r = .814), and fair split-half reliability (r = .726). 
Oxford Cognitive Screen (OCS) 
As the BCoS typically takes at least 45 minutes to complete, the feasibility of using it 
as a cognitive screening tool in acute setting is greatly limited. A shorter version of the BCoS, 
namely the Oxford Cognitive Screen (OCS; Demeyere, Riddoch, Slavkova, Bickerton & 
Humphreys, 2014) was then developed. This 15-minute cognitive screening test is built on 
similar principles to the BCoS and it allows rapid assessment of a stroke survivor’s cognitive 
function, and can act as an indicator for further and more detailed assessment should 
impairment(s) in any cognitive domain be revealed. Similar to the BCoS, it assesses five 
major cognitive domains of 1) language, 2) memory, 3) number, 4) praxis, and 5) attention 
and executive functioning. There are ten subtests comprising 1) Picture Naming; 2) 
Semantics; 3) Orientation; 4) Visual Field Test; 5) Sentence Reading; 6a) Number-Number 
Writing; 6b) Number-Calculation; 7) Broken Heart Test; 8) Meaningless Gestural Imitation; 
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9a) Delay Recall and Recognition-Verbal Memory; 9b) Delay Recall and Recognition-
Episodic Memory; and 10) Executive Tasks. The OCS is also designed to be aphasia and 
neglect friendly. It was standardized on 140 neurologically healthy individuals and 208 acute 
stroke survivors. It demonstrated fair to good convergent validity (r = -0.346 - 0.722) and 
test-retest reliability (ICC = 0.331 - 0.776), high sensitivity (27.59% - 94.12%) and 
specificity (70.10% - 98.31%) for most subtests in the OCS. G. W. Humphreys (personal 
communication, October 17, 2013), one of the OCS developers, suggested that the OCS has 
recently been translated and adapted for administration to a Cantonese-speaking population 
by Wai-Ling Bickerton and Johnny King Lam Lau in University of Birmingham, but it has 
not yet been validated against other standard tests and its psychometric properties still await 
scientific appraisal. The examiner’s booklet of the HK-OCS is included in Appendix A. 
Functional Outcomes 
Since functional gains during rehabilitation can be limited by cognitive impairment, 
early prediction of functional outcomes is important to design optimal rehabilitation 
programmes with realistic goals. Pervious research has studied the predictive values of 
cognitive ability on functional outcomes for the Cantonese-speaking population. Most studies 
evaluated the predictive value of global cognitive functioning (Man, Tam & Chan, 2006; 
Mok et al., 2003), or focused on isolated cognitive domains such as executive functioning 
(Mok et al., 2003). Fong, Chan, and Au (2001) evaluated the predictive value of specific 
cognitive domains on stroke survivors’ functional outcomes by administering the 
Neurobehavioral Cognitive Status Examination (NCSE). However, they only evaluated the 
predictive values of orientation, language, construction, memory, calculation, and reasoning 
on functional outcomes. Other common post-stroke cognitive impairments including visual 
loss, neglect, praxis, reading, and writing problems were not evaluated. It is unknown which 
specific cognitive domains commonly impaired in stroke survivors have higher predictive 
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values than others.  Therefore, the HK-OCS can be used to determine which cognitive 
domains may have the strongest predictive values on functional outcomes. 
Aim of the Study 
Extending Chan et al. (2013)’s work, the first aim of the present study is to validate 
the HK-OCS by establishing the normative data, evaluating the capability of the test to 
differentiate stroke survivors from neurologically healthy individuals, and appraising its 
validity and reliability. The second aim is to determine which cognitive domain(s) in the HK-
OCS could best predict a stroke survivor’s functional outcomes. One hypothesis to be tested 
is that specific subtests from the HK-OCS will be correlated with functional outcomes. Based 
on the results of Fong et al. (2001) and Mok et al. (2003), it was predicted that performance 
on the subtests of memory and executive function would be correlated with functional 
outcomes. 
Methods 
Participants 
To establish the normative data of the HK-OCS, 70 neurologically healthy individuals 
(40 males and 30 females) were recruited by convenience sampling. All of them were native 
Cantonese speakers and none of them reported any history of neurological disease, speech 
and language problem, reading impairment, and/or learning difficulties that might affect their 
performance in the current study. The demographic data of the participants in the control 
group are summarized in Table 1. 
Table 1 
The Demographic Data of the Participants in the Stroke Group and the Control Group 
 Stroke group  n (%) Control group  n (%) 
Gender   
    Male  28 (61%) 40 (57%) 
    Female 18 (39%) 30 (43%) 
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Education level   
    No education 2 (4%) 1 (1%) 
    Primary school level 10 (22%) 11 (16%) 
    Secondary school level 21 (46%) 39 (56%) 
    Tertiary education level 13 (28%) 19 (27%) 
Number of stroke   
            1 40 (87%) N/A 
2  4 (9%) N/A 
>2 2 (4%) N/A 
Brain lesion location   
     Left hemisphere 33 (72%) N/A 
     Right hemisphere 13 (28%) N/A 
   
Forty six stroke survivors aged between 21 and 83 years (Mean = 55.2; Standard 
deviation = 12.3) were recruited. Twenty six of them were recruited from the Hong Kong 
Stroke Association, 12 of them were recruited from the Community Rehabilitation Centre, 
six of them were recruited from the MacLehose Medical Rehabilitation Centre, and two were 
recruited through personal invitation. The stroke participants were included only if they were 
native Cantonese speakers and had at least six months post onset for the most recent stroke. 
Forty-five of the stroke participants were matched with 45 neurologically healthy participants 
in the control group according to gender, age (5 years older or younger), and education range 
(No education; Primary school level; Secondary school level; Tertiary education level). The 
demographic data of the participants in the stroke group are summarized in Table 1. 
Assessment Procedures 
Each participant in the stroke group was asked to sign a written consent form before 
the administration of testing. The consent form is included in Appendix B. Demographic data 
on age, sex, educational level, number of stroke, post onset time and brain lesion location 
were also collected. The HK-OCS, the HK-MoCA, the C-MMSE, the CAB, the short test of 
gestural production from Goldenberg (1996), and the Albert’s Test of Visual Neglect (Albert, 
1973) were then administered. The Albert’s Test assesses the presence of neglect and the 
participants were instructed to cross out lines that were placed in random orientation on a 
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piece of paper. Two scores were obtained. The first one was the total number of crossed lines. 
The second one was the asymmetry score calculated by subtracting the total number of 
crossed lines in left hand side by that in right hand side. These scores were used to validate 
against the subtest of broken heart test in the HK-OCS. The short test of gestural production 
from Goldenberg (1996) included six gestures assessing imitation of hand postures, finger 
postures, and combined postures of both hand and finger. The maximum score for each 
gesture is two and the total maximum score for the test is 12. The scoring in this test was 
used to validate against the subtest of meaningless gesture imitation in the HK-OCS. 
To measure functional outcomes, the Chinese version of the Modified Barthel Index 
(MBI-C; Leung, Chan & Shah, 2007) and the Hong Kong Chinese version of the Lawton 
Instrumental Activities of Daily Living scale (Lawton IADL-CV; Tong & Man, 2002) were 
administered to all stroke participants. The MBI-C consists of ten items assessing basic ADL 
such as personal hygiene, toileting, and bathing. The Lawton IADL-CV consists of nine 
items evaluating instrumental ADL such as transportation, shopping, and money management. 
Both of them were proved to be valid and reliable for use with the Cantonese-speaking 
population. The length of the testing session was about one to two hours. The neurologically 
healthy individuals were only assessed on the HK-OCS. The length of the testing was about 
15 minutes. 
For the establishment of intra-rater reliability, the performance of six stroke 
participants on the HK-OCS (13% of the data) was videotaped and re-analyzed by the author. 
For the establishment of inter-rater reliability, same set of data were scored by another 
student clinician, who was trained to administer the HK-OCS. Test-retest reliability was 
evaluated by inviting 15 stroke participants (33% of the data) to complete the HK-OCS for 
the second time within one and a half month of the first testing session.  
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Data and Statistical Analysis 
To develop norms for the HK-OCS, neurologically healthy participants were divided 
into three age groups: <50 years old, 50-59 years old, and >59 years old. Following the 
methodology of the English OCS (Demeyere et al., 2014), direct percentile conversions for 
each subtest in the HK-OCS in each age group were used due to the non-normalities in the 
score distribution. Cut-off scores were set at the top 5
th
 percentile.  
To investigate the capability of the HK-OCS to differentiate stroke survivors from 
neurologically healthy individuals, the HK-OCS scores obtained from 45 stroke participants 
were compared to their matched controls, using paired-sample t-test with Bonferroni 
corrections (p = .05/10 = .005) to control for Type I error.  
The concurrent validity of the HK-OCS was evaluated by comparing the scores 
obtained from subtests in the HK-OCS with the scores of subtests assessing the same 
domains in the CAB, the HK-MoCA, the C-MMSE , the gestural production test, and the 
Albert’s Test. The expected correlations were listed in Table 2. 
Table 2 
Expected Correlations between Subtests in the HK-OCS and Subtests in the HK-MoCA, the 
C-MMSE, the CAB, the Gestural Production test and the Albert’s Test  
Cognitive 
Domain 
HK-OCS 
Subtest 
Validation task(s) 
Language 
Picture naming 
Naming (CAB) 
Naming (C-MMSE) 
Naming (HK-MoCA) 
Aphasia Quotient - AQ (CAB) 
Semantics 
Auditory comprehension (CAB) 
Aphasia Quotient - AQ (CAB) 
Sentence reading 
Reading (CAB) 
Reading (C-MMSE) 
Memory 
Orientation (FR) 
Orientation (C-MMSE) 
Orientation (HK-MoCA) 
Orientation (FR&MC) 
Orientation (C-MMSE) 
Orientation (HK-MoCA) 
Verbal memory (recall) 
Delayed recall (C-MMSE) 
Delayed recall (HK-MoCA) 
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Verbal memory 
(recall & recognition) 
Delayed recall (C-MMSE) 
Delayed recall (HK-MoCA) 
Episodic memory 
Delayed recall (C-MMSE) 
Delayed recall (HK-MoCA) 
Attention 
Visual field task Total number of crossed line (Albert’s test) 
Broken heart (total) Total number of crossed line (Albert’s test) 
Broken heart (space 
asymmetry) 
Asymmetry score (Albert’s test) 
Broken heart (object 
asymmetry) 
Asymmetry score (Albert’s test) 
Executive tasks Executive task (HK-MoCA) 
Number 
Number writing Writing (CAB) 
Calculation 
Calculation (C-MMSE) 
Attention (HK-MoCA) 
Praxis Gestural imitation Gestural imitation score (Goldenberg ,1996) 
Note. FR = free response; MC = multiple choice. 
Intra-rater, inter-rater, and test-retest reliabilities were evaluated using Pearson 
correlation coefficients. Internal consistency between subtest scores was evaluated using the 
Cronbach’s alpha. Pearson correlation coefficient was used to explore the correlations 
between subtests in the HK-OCS and the MBI-C, as well as the correlations between subtests 
in the HK-OCS and the Lawton IADL-CV. Two forward stepwise multivariate linear 
regression analyses were then carried out. Those subtests in the HK-OCS that had significant 
correlations with the functional measures (p ≤ .05) were entered into the multivariate linear 
regression analyses to examine their independent contributions to the variance of both the 
MBI-C and the Lawton IADL-CV.  
      All statistical analyses were carried out with SPSS for Windows (Version 19). For all 
analyses, the level of the statistical significance was set at .05 and that for the paired-sample 
t-test was set at .005 (.05/10) after Bonferroni corrections.  
Results 
Normative Data of the HK-OCS 
Table 3 presents the cut-off scores of the various subtests in the HK-OCS based on 
the top 5
th
 percentile across three age groups. The cut-off scores for most subtests were the 
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same across the three age groups except for sentence reading, episodic memory, broken heart 
test, executive tasks, and number writing, in which most of the values for the youngest group 
were higher.  
Table 3 
Cut-off Scores of the HK-OCS for Three Age Groups 
Note. FR = free response; MC = multiple choice. 
Comparison between the Stroke and Control Groups in the HK-OCS 
Table 4 displays the descriptive statistics of the stroke and control groups. As 
expected, the mean scores in most subtests of the control group were greater than that of the 
stroke group. Individual variations within the stroke group were wider than those in the 
control group, as indicated by the greater standard deviation and range of scores in stroke 
group for all subtests except verbal memory (recall). For the subtests of semantics, 
orientation, and visual field test, all participants in the control group achieved ceiling 
performance. 
Table 4 
Results of Paired-sample t-test between the Scores of Stroke and Control Groups 
HK-OCS 
Subtest 
Score 
Maximum 
Score 
Cut-off Scores 
<50 
(n = 22) 
50-59 
(n = 26) 
>59 
(n = 22) 
Picture naming Total 4 3 3 3 
Semantics Total  3 3 3 3 
Sentence reading Total  22 20 19 19 
Orientation 
FR  4 4 4 4 
FR & MC  4 4 4 4 
Verbal memory 
Recall  4 0 0 0 
Recall & Recognition 4 2  2 2 
Episodic memory Recognition 4 4 3 3 
Visual field Total  4 4 4 4 
Broken heart  
Total  50 39 40 39 
Asymmetry (Space) 0 -2  -2 -1 
Asymmetry (Object) 0 0 0 0 
Executive tasks Executive  -1 -1 -1 -3 
Number writing Total 3 3 2 2 
Calculation Total  4 3 3 3 
Gestural imitation Total  12 9  9 9 
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Note. FR = free response; MC = multiple choice; df = degree of freedom; *** p ≤ .001. 
 
Table 4 also displays the results of the paired-sample t test between the scores of 45 
participants in the stroke group and their matched controls in all subtests of the HK-OCS. 
Statistically significant differences were found in picture naming, sentence reading, 
orientation (free response), verbal memory (recall), episodic memory, number writing, and 
meaningless gestural imitation.  
Concurrent Validity of the HK-OCS 
Table 5 displays the correlations between different subtests in the HK-OCS and the C-
MMSE, the HK-MoCA, the CAB, the gestural production test and the Albert’s Test. Pearson 
HK-OCS 
Subtest 
Score 
Stroke Group Control Group 
 t-test  
(df = 44) 
Mean SD Range Mean SD Range t-value 
Picture 
naming 
Total  2.80 1.39 0-4 3.73 0.54 2-4 -4.178*** 
Semantics Total  2.64 0.80 0-3 3.00 0.00 3-3 -2.973 
Sentence 
reading 
Total  14.11 8.43 0-22 21.18 0.86 19-22 -5.618*** 
Orientation 
FR  2.56 1.74 0-4 4.00 0.00 4-4 -5.571*** 
FR& MC  3.62 0.83 1-4 4.00 0.00 4-4 -3.040 
Verbal 
memory 
Recall  1.13 1.27 0-4 2.11 1.30 0-4 -3.745*** 
Recall & 
Recognition  
3.04 1.33 0-4 3.71 0.55 2-4 -3.162 
Episodic 
memory 
Recognition  3.24 1.09 0-4 3.91 0.29 3-4 -3.830*** 
Visual field  Total  3.82 0.58 2-4 4.00 0.00 4-4 -2.072 
Broken 
heart  
Total  45.62 6.62 10-50 46.58 3.61 36-50 -.793 
Asymmetry 
(Space) 
-0.27 2.02 -6-6 0.00 1.76 -6-3 -.711 
Asymmetry 
(Object) 
-0.02 0.58 -2-1 0.00 0.31 -1-1 .830 
Executive 
tasks 
Executive  0.69 2.72 -6-9 -.44 1.24 -2-4 2.625 
Number 
writing 
Total  1.56 1.27 0-3 2.87 0.41 1-3 -6.304*** 
Calculation Total  3.47 1.12 0-4 3.71 0.51 2-4 -1.229 
Gestural 
imitation 
Total  9.36 2.81 3-12 11.51 0.90 9-12 -4.883*** 
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correlation coefficients between .30 and .49 are considered to have moderate correlation and 
Pearson correlation coefficients more than or equal to .50 are considered to have strong 
correlation (Cohen, 1988). Most of the results were along expectation and the strength of 
correlations ranged from moderate to strong, except for the subtests of verbal memory (recall 
and recognition), episodic memory, and broken heart test. 
Table 5 
Concurrent Validity of the HK-OCS 
Cognitive 
Domain 
HK-OCS Subtest Validation task(s) r 
Language 
Picture naming 
Naming (CAB) .732** 
Naming (C-MMSE) .504** 
Naming (HK-MoCA) .691** 
Aphasia Quotient-AQ (CAB) .723** 
Semantics 
Auditory comprehension (CAB) .692** 
Aphasia Quotient-AQ (CAB) .618** 
Sentence reading 
Reading (CAB) .785** 
Reading (C-MMSE) .740** 
Memory 
Orientation (FR) 
Orientation (C-MMSE) .718** 
Orientation (HK-MoCA) .577** 
Orientation (FR&MC) 
Orientation (C-MMSE) .491** 
Orientation (HK-MoCA) .486** 
Verbal memory 
(recall) 
Delayed recall (C-MMSE) .582** 
Delayed recall (HK-MoCA) .625** 
Verbal memory 
(recall & recognition) 
Delayed recall (C-MMSE) .593** 
Delayed recall (HK-MoCA) .199 
Episodic memory 
Delayed recall (C-MMSE) .476** 
Delayed recall (HK-MoCA) .293 
Attention 
Visual field task Total number of crossed line (Albert’s test) .370* 
Broken heart (total) Total number of crossed line (Albert’s test) .237 
Broken heart (Space 
asymmetry) 
Asymmetry score (Albert’s test) -.007 
Broken heart (Object 
asymmetry) 
Asymmetry score (Albert’s test) .008 
Executive tasks Executive task (HK-MoCA) -.368* 
Number 
Number writing Writing (CAB) .785** 
Calculation 
Calculation (C-MMSE) .593** 
Attention (HK-MoCA) .612** 
Praxis Gestural imitation 
Gestural imitation score 
(Goldenberg ,1996) 
.661** 
Note. FR = free response; MC = multiple choice; *p ≤ .05. **p ≤ .01. 
Reliability of the HK-OCS  
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Table 6 displays the reliability measures of the HK-OCS. According to Cicchetti and 
Sparrow (1990), Pearson correlation coefficient greater than .90 is considered to have 
excellent reliability and the Pearson correlation coefficient between .70 and .80 is considered 
to have fair reliability. Therefore, the HK-OCS demonstrated excellent intra-rater, inter-rater 
reliabilities, and fair test-retest reliability. The Pearson correlation coefficients for most 
subtests were statistically significant in the reliability measures except for the subtests of 
meaningless gestural imitation in inter-rater reliability, orientation (free response and 
multiple choice) and executive tasks in test-retest reliability. Cronbach’s alpha for internal 
consistency between subtest scores was .725 and was considered to be acceptable (Field, 
2009). In general, the HK-OCS was a reliable cognitive screening tool.  
Table 6 
Reliability Measures of the HK-OCS 
Cognitive 
Domain 
HK-OCS 
Subtest 
Score 
Reliability measures 
Intra-rater Inter-rater Test-retest 
Language 
Picture naming Total  .979** 1.000** .767** 
Semantics Total # # .863** 
Sentence reading Total  .999** .998** .989** 
Memory 
Orientation 
FR  .899* 1.000** .895** 
FR & MC 1.000** 1.000** .349 
Verbal memory 
Recall  1.000** 1.000** .759** 
Recall & 
Recognition  
.1.000** 1.000** .869** 
Episodic memory Recognition  1.000** 1.000** .571** 
Attention 
Visual field  Total  # # .941** 
Broken heart 
Total 1.000** .961** .931** 
Asymmetry  1.000** .952** .717** 
Asymmetry 1.000** 1.000** .765** 
Executive tasks Executive 1.000** 1.000** .312 
Number 
Number writing Total  1.000** 1.000** .972** 
Calculation Total  # # .788** 
Praxis Gestural imitation Total  1.000** .587 .578** 
  Average .991 .961 .754 
Note. FR = free response; MC = multiple choice; *p ≤ .05. ** p ≤ .01. ; # indicates that the 
Pearson correlation coefficient was unable to be computed because the scores in at least one 
group is constant. 
 
Predicting Functional Outcomes with Different Subtests in the HK-OCS 
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Table 7 displays the correlations between the subtests in the HK-OCS and functional 
measures. The results showed that both basic ADL (as measured by the MBI-C) and 
instrumental ADL (as measured by the Lawton IADL-CV) were significantly correlated with 
most subtests in the HK-OCS except for visual field test, broken heart test, and executive 
tasks. 
Table 7 
Correlations between Subtests in the HK-OCS and Functional Measures 
Note. FR = free response; MC = multiple choice; * p ≤ .05. **p ≤ .01. ***p ≤ .001. 
 
Table 8 displays the results of multivariate linear regression analyses of subtests in the 
HK-OCS. For basic ADL, only semantics (ß = .591, p < .001) and episodic memory (ß = .266, 
p = .033) remained as the significant independent predictors, and they explained a total of 
60.7% of the variance. On the other hand, only number writing (ß = .569, p < .001) and 
orientation (free response and multiple choice) (ß = .334, p = .004) were the significant 
independent predictors of instrumental ADL, and they accounted for 57% of the total 
variance. 
Table 8  
Multivariate Linear Regression of Subtests in the HK-OCS 
Cognitive 
Domain 
HK-OCS  
Subtest 
Scores 
MBI-C Lawton IADL-CV 
r r 
Language 
Picture naming Total  .329* .468** 
Semantics Total  .749*** .569*** 
Sentence reading Total  .459** .634*** 
Memory 
Orientation 
FR  .485** .679*** 
FR & MC  .436** .535*** 
Verbal memory 
Recall  .428** .586*** 
Recall & Recognition  .481** .521*** 
Episodic memory Recognition  .617*** .622*** 
Attention 
Visual field Total  -.047 -.054 
Broken heart 
Total .262 .113 
Asymmetry (Space) -.150 .019 
Asymmetry (Object) .104 .149 
Executive tasks Executive  -.220 -.052 
Number 
Number writing Total  .494** .687*** 
Calculation Total  .299* .420** 
Praxis Gestural imitation Total  .459** .319* 
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Note. FR = free response; MC = multiple choice; * p ≤ .05. **p ≤ .01. ***p ≤ .001. 
 
Discussion 
This study reported the validation of the Cantonese version of the Oxford Cognitive 
Screen (HK-OCS). Results from 70 neurologically healthy individuals and 46 stroke 
survivors indicated that the HK-OCS is a comprehensive, valid, and reliable cognitive 
screening tool. It was found to be clinically useful in discriminating Cantonese-speaking 
stroke survivors from neurologically healthy individuals in Hong Kong. As predicted, 
memory subtests from the HK-OCS were predictive of functional outcomes although subtests 
of semantics, number writing, and orientation were also significant. 
Development of Normative Data 
For the clinical application of the HK-OCS, normative data are essential. The present 
study identified the cut-off scores for each subtest in the HK-OCS across three age groups. 
Different from the English OCS, the English OCS did not report cut-off scores for different 
age groups, but only report one cut-off score for each subtest for all participants. The present 
finding suggested that the cut-off scores for the subtests of sentence reading, episodic 
memory, broken heart test, executive tasks, and number writing in the HK-OCS were 
different across three age groups. Health professionals in clinical setting should make use of 
the cut-off scores of different age groups to determine if the stroke survivors have suspected 
impairments in certain cognitive domains. In addition, it is important to note that unlike the 
C-MMSE and the HK-MoCA, the HK-OCS does not have a total score to indicate the overall 
Dependent 
variables 
Independent variables   Multiple  
R
2
 HK-OCS Subtest Score B ß 
MBI-C Semantics Total 32.50 .591*** .607 
Episodic memory Recognition 15.05 .266* 
Lawton 
IADL-CV 
Number writing Total 4.28 .569*** .570 
Orientation FR & MC 3.83 .334** 
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cognitive ability. Instead, participants’ performance is evaluated in each cognitive domain, 
and the performance can be recorded on a visual snapshot to provide a cognitive profile of 
the stroke survivor (Demeyere et al., 2014). An example of using the visual snapshot is 
included in Appendix C. In case management, the visual snapshot can provide domain level 
analysis and health professionals can highlight and focus on impaired cognitive domains in 
rehabilitation programmes. Demeyere et al. (2014) reported that use of the visual snapshot in 
case management at their hospital received positive feedback from the multidisciplinary team 
and it was useful in highlighting the stroke survivors’ significant domains of weaknesses or 
strengths.  
Comparison between the Stroke and Control Group 
Unlike the English OCS, the present study also reported the capacity of the HK-OCS 
to differentiate stroke survivors from neurologically healthy individuals. The finding 
indicated that the HK-OCS could successfully discriminate stroke survivors from 
neurologically healthy individuals in the subtests of picture naming, sentence reading, 
orientation (free response), verbal memory (recall), episodic memory, number writing, and 
meaningless gestural imitation. Although the performance of the stroke survivors in other 
subtests was not significantly different from the neurologically healthy individuals, the 
neurologically healthy individuals generally scored higher marks and had less individual 
variations than the stroke survivors.  
Concurrent Validity of the HK-OCS 
Same as the English OCS, the present study evaluated the concurrent validity of the 
HK-OCS by comparing the scores obtained from subtests in the HK-OCS with the scores of 
subtests assessing the same domains in other validation tasks. The HK-OCS demonstrated 
good concurrent validity for most of the subtests, indicating that the HK-OCS is a valid 
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measure of cognition. Most subtests in the HK-OCS correlated significantly with other 
validation tasks except for the subtests of verbal memory (recall and recognition), episodic 
memory, and broken heart test. Yet, different from the English OCS, all subtests in the 
English OCS correlated significantly with other validation tasks (Demeyere et al., 2014).  
A possible reason for the insignificant correlations of verbal memory (recall and 
recognition) and episodic memory in the HK-OCS and delayed recall memory in the HK-
MoCA is that the tasks of verbal memory (recall and recognition) and episodic memory are 
much easier than the delayed recall memory in the HK-MoCA, as free response is not 
required in these tasks and multiple choice answers are given. In the English OCS, the 
subtests of verbal memory (recall and recognition) were compared to Wechsler Delayed 
Multiple Choice Questions. Since multiple choice answers are given in Wechsler Delayed 
Multiple Choice Questions, the level of difficulties is similar to the subtest of verbal memory 
(recall and recognition) in the English OCS. A significant correlation (r = .441, p < .001) was 
found (Demeyere et al., 2014). Another possible reason is that recall memory and recognition 
memory depend on different cognitive processes. Recall memory is based on recollection 
process and recognition memory is based on recognition and familiarity processes (Wixted & 
Squire, 2004). Therefore, the subtests of verbal memory (recall and recognition) and episodic 
memory in the HK-OCS, and the subtest of delayed recall memory in HK-MoCA target 
different cognitive processes.  
In the English OCS, the subtest of episodic memory was not validated against other 
validation tasks, thus the result could not be compared to that in the HK-OCS. 
For the insignificant correlations of the broken heart test, the finding was also not 
consistent with the result in the English OCS. In the English OCS, the broken heart test was 
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validated against BIT star cancellation test (Demeyere et al., 2014), and significant 
correlation was found between these two tasks (r = .645, p < .001).  
Reliability of the HK-OCS 
For reliability measures, the English OCS only reported the test-retest reliability. For 
the present study, test-retest reliability, intra-rater, inter-rater reliabilities and internal 
consistency of the HK-OCS were reported.  
The HK-OCS had fair test-retest reliability (r = .754) (Cicchetti & Sparrow, 1990) 
and the correlations were significant for all subtests except for the subtests of orientation 
(free response and multiple choice) (r = .349, p = .203) and executive tasks (r = .312, p 
= .258). The insignificant correlations for these two subtests were different from those in the 
English OCS. In the English OCS, all subtests yielded significant correlations. Yet, in 
generally, the HK-OCS has good stability over time except for the subtests of orientation 
(free response and multiple choice) and executive tasks. 
The HK-OCS demonstrated excellent intra-rater (r = .991) and inter-rater reliabilities 
(r = .961) (Cicchetti & Sparrow, 1990), which indicated that the scoring was consistent 
among different raters and the assessment procedure was standardized. The correlations were 
significant for all subtests except for the inter-rater reliability of meaningless gestural 
imitation (r = .589, p = .220). It is worth noting that the excellent intra-rater and inter-rater 
reliabilities were consistent with those in the HK-BCoS and similar to the result of the HK-
BCoS, the correlation of inter-rater reliability was also insignificant for the subtest of 
meaningless gestural imitation (r = .577, p > .05). Chan et al. (2013) suggested a possible 
reason that the insignificant correlation may be due to the higher level of subjective 
judgments involved in this subtest, as compared to other subtests. In the subtest of 
meaningless gestural imitation, the raters needed to rate the correctness of gestures in term of 
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three aspects, which are the hand/finger position, spatial relationship between hand and head, 
and sequence of the movement.  The scoring in this subtest involved higher degree of 
variability.  
The HK-OCS also demonstrated acceptable internal consistency (Cronbach’s alpha 
= .725) (Field, 2009), indicating that every item in the HK-OCS measures the same construct, 
that is the cognitive ability of the participants. It further proved that the HK-OCS was reliable 
to be used as a cognitive screening tool. 
Predicting Functional Outcomes with Different Subtests in the HK-OCS 
This study also evaluated the correlations between different cognitive domains and 
functional outcomes. Most subtests in the HK-OCS yielded significant correlations with basic 
ADL and instrumental ADL. The findings were consistent with the previous studies that 
global cognitive functioning was significantly correlated with basic and instrumental ADL. 
Man et al. (2006) reported that global cognitive functioning was significantly correlated with 
basic ADL. Mok et al. (2003) also suggested that global cognitive functioning was 
significantly correlated with instrumental ADL. Previously studies also reported significant 
correlations between executive functioning and both basic and instrumental ADL (Mok et al., 
2003). However, the present study contradicted previous findings that executive functioning 
was not significantly correlated with both basic and instrumental ADL. One reason why 
executive functions did not correlate with functional outcomes in the present study may be 
the limited range of executive functions tested in the HK-OCS. Given that other studies show 
executive functions correlate with functional outcomes, it may be recommended that 
modifications of the HK-OCS include a wider range of executive function tasks. In addition, 
same as Fong et al. (2001), the present study also suggested memory performance was 
correlated with functional outcome. 
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This study also evaluated the predictive values of different cognitive domains on 
basic and instrumental ADL. In the clinical setting, in order to allocate resources according to 
stroke survivors’ rehabilitation potential and to maximize the rehabilitation outcome, it is 
worthwhile detecting those stroke survivors who have higher rehabilitation potential (Louie, 
Wong & Wong, 2009). The present finding addressed the importance of cognitive 
functioning in predicting functional outcomes in Cantonese stroke survivors, which shows 
that an early cognitive screening is necessary. The results also suggested that semantics and 
episodic memory best predicted basic ADL, while number writing and orientation (free 
response and multiple choice) best predicted instrumental ADL. This is a novel finding in the 
Cantonese population. In the previous study, only Fong et al. (2001) evaluated the predictive 
values of different cognitive domains on functional outcomes. However, in their study, 
besides different cognitive domains, motor areas were also entered together with different 
cognitive domains in multiple regressions as predictors. It was not surprising that motor areas 
had better predictive values than cognitive domains because most of the items on the 
functional measures are concerned with the motor impairment of the patients. For a patient 
who is cognitively unimpaired, but with severe physical disability will have low score on a 
functional assessment tool (Hajek, Gagnon & Ruderman, 1997). Different from the study of 
Fong et al. (2001), the present study only included cognitive domains commonly impaired in 
stroke survivors as predictors. The finding suggests that semantics, episodic memory, number 
writing, and orientation best predicted survivors’ functional outcomes. As a result, these 
variables should be taken into consideration to predict the functional outcome for 
improvement and recovery and to plan specific and effective rehabilitation programmes. In 
Hong Kong, the widely used cognitive screening tools, the C-MMSE and the HK-MoCA, do 
not assess episodic memory and number writing. Therefore, it is recommended to administer 
the HK-OCS in early cognitive screening of stroke survivors. 
25 
CANTONESE VERSION OF THE OXFORD COGNITIVE SCREEN 
Limitations 
There are three limitations in the present study that limit its clinical generalization. 
First, for development of normative data, the sample size within each age group is small and 
it may lower the generalization power of the current results into the whole population in 
Hong Kong. Second, the sample size was small for the use of multiple regressions. The 
generalization power of the results on the predictive values of specific cognitive domains on 
functional outcomes may therefore be limited. Finally, the length of the testing session was 
about one to two hours, and fatigue may have increased the likelihood of error. 
Future Study 
Demeyere et al. (2014) suggested that the English OCS can be used to differentiate 
different classes of patients within the same cognitive domains. For example, the broken 
heart test can be used to distinguish egocentric and allocentric neglect. According to their 
results, 13.6% of patients were diagnosed to have both egocentric and allocentric neglect, 
25% of them were diagnosed to have egocentric neglect and 11.9% were diagnosed to have 
allocentric neglect. In the future, the capability of the HK-OCS to differentiate different 
classes of patients within the same cognitive domains can be investigated. 
The HK-OCS can also be used in neuroscience studies of recovery and neuroplasticity 
in stroke. Scores on the HK-OCS subtests can be correlated with specific brain regions using 
structural brain imaging methods such as Diffusion Tensor Imaging (DTI), Voxel Based 
Morphometry (VBM), and Voxel-based Lesion Symptom Mapping (VLSM) (Geva et al. 
2012). These correlations could reveal the cognitive neuroscientific processes that become 
impaired for particular patients following stroke allowing better planning of rehabilitation. 
Furthermore, changes to these brain regions could be monitored as recovery takes place and 
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this would allow a direct mapping between neuroplasticity and improved performance to 
cognitive processes that are measured with the HK-OCS. 
Conclusion 
Despite the above limitations, empirical data of present study suggested the HK-OCS 
is a comprehensive, valid and reliable cognitive screening tool for assessing cognitive 
impairments in Cantonese-speaking stroke survivors as well as discriminating stroke 
survivors from neurologically healthy individuals in Hong Kong. The use of HK-OCS can 
also help predict the functional outcomes of stroke survivors. Health professionals in Hong 
Kong can make use of the HK-OCS in clinical practice for rapid assessment of cognitive 
ability in major cognitive domains for stroke survivors, thus allowing planning of specific 
and effective rehabilitation programmes. 
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Appendix B. Consent form 
「牛津認知篩查」研究 
參加同意書 
香港大學言語及聽覺科學部邀請閣下參與由本部 Professor Brendan Weekes、何韋琳
博士和四年級學生林曉萍負責的一項研究。 
這個稱為「牛津認知篩查」的學術研究，旨在證明這個測試能夠有效測試粵語中風病
人在不同範疇的認知能力。 
參加者需要在研究員的指示下完成整個「牛津認知篩查」、「蒙特利爾認知評估香港
版」、「簡短智能測驗」、「粵語失語症測試」、「視覺忽略測試」、「手勢模仿測
試」、「改良巴氏量表中文版」以及「羅頓工具性生活功能量表」。整個測試將會在
本部堅城中心診所或香港復康會社區復康網絡地區中心進行，需時大約一小時三十分。 
整個測試不會對參加者造成任何生理上的副作用，但由於測試過程需要參加者集中注
意力一段時間，參加者可能會在測試過程中感到疲累，參加者可根據自己的身體狀況
隨時向研究員要求休息。 
另外，在測試開始前，參加者可以選擇接受錄影或拒絕錄影。若參加者接受錄影，研
究員將會用攝錄機攝錄整個測試過程，以作記錄用途。參加者可以隨時向研究員要求
翻看有關錄像，及刪除部份或全部錄像。該錄像會被轉換成電腦檔案，儲存在本部門
的電腦內，並以密碼保護。所有錄像及資料會於發佈有關研究結果五年後銷毀。 
是次研究並不會為參加者提供任何個人利益，但所搜集得的數據將對「牛津認知篩查」
的研究提供寶貴的資料。是次參與純屬自願性質，參加者可隨時終止參與是次研究，
有關決定將不會引致任何不良後果。 
在測試過程中，部分問題可能會涉及參加者的私隱，但所收集得的資料只會作研究用
途，參加者的個人資料將絕對保密。參加者的姓名會以編號代替以加強保密。是次研
究結束後，除了參加者的個人身份資料會被刪除外，所有電子文件的資料會儲存在本
部門的電腦內，並用密碼保護。所有以紙張形式存在的資料亦會妥善儲存於本部門一
個鎖好的文件櫃內。所有資料將於發佈有關研究結果五年後銷毀。如閣下對是項研究
有任何問題，請現在提出。 
如閣下日後對是次研究有任何查詢，請與研究員林曉萍聯絡(電話: 6718 0155)。如閣
下想知道更多有關研究參與者的權益，請聯絡香港大學非臨床研究操守委員會 (電話: 
2241 5267)。 
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如閣下明白以上內容，並願意參與是次研究，請在下方簽署。 
＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿ 
本人(姓名)____________明白是項研究的內容，並同意參與是次研究。 
本人 □同意  □不同意   在測驗過程中接受錄影。 
 
參加者簽署：＿＿＿＿＿＿＿     日期：＿＿＿＿＿＿＿＿＿＿＿ 
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Appendix C. An Example of the Cognitive Profile in the HK-OCS 
 
牛津認知篩查 
認知能力總結 
 
 
 
正常 
有困難 
